JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org.
INTRODUCTION
Coniferous forests occupy roughly one-third of the land area of the western United States and attain perhaps their greatest development in the Pacific Northwest. Here the maritime coastal climates, with heavy winter precipitation, summer dry seasons moderated by frequent fog or cloudy weather, and relatively small seasonal temperature variations, favor the development of forests of massive proportions. Such forests support a diverse and distinctive bird fauna (Udvardy 1963 ). These bird populations have received little quantitative study, although some species (notably woodpeckers) are known to respond both functionally and numerically to insect outbreaks (Baldwin 1968 
METHODS

Field studies
In June 1972, populations of breeding birds were sampled in relation to several reference stands established as part of the environmental grid of the US/IBP Coniferous Forest Biome. Each stand was sampled at one time period, and census estimates were derived from values for 6-12 census plots within each stand. A variable, circular plot method of censusing was devised in order to contend with the special problems of sampling birds in old-growth coniferous forests where the canopy is extremely tall. Thd method will be described in detail elsewhere, but briefly the procedure was as follows. Random points were established in each habitat type to determine plot locations. Two observers stood at each point and recorded the location of each singing male by distance and direction from the point. In most cases, all singing males within a plot could be recorded in less than 15 min. Detectability of individuals decreases with distance from the observer. The shape of the delectability curve varies with species, habitat, and the nature of the observation (whether visual or auditory). By determining the delectability function, we could estimate the densities of the individual species within a circular plot of a given radius. Emlen (1971) 
Model analysis
To estimate the magnitudes and patterns of energy flow through the breeding bird populations of these forest stands, we utilized the similation model described by Wiens and Innis (1974) . The details of the structure and assumptions of the model are given in that paper and will be only briefly summarized here.
There are two basic submodels in the model. In one, information on various life history attributes of a population (e.g., clutch size, hatching success, immigration and emigration timings and patterns, reproductive phenology) is coupled to the field values of breeding population density to generate estimates of the density of adults and of each age class of offspring of each species at any given point during the breeding season. Our analyses began on 1 April and ended on 7 October for all stands. Migrant or transient individuals were not included in the density estimations.
The second submodel estimates the energy demands placed upon the ecosystem by these populations through time. Information on ambient temperature regimes is coupled with values of body weight of adults or of growing young to estimate individual existence energy demands (M), according to the equations of Kendeigh (1970) dominated by Douglas-fir (PSME), while the major understory species were vine maple (ACCI), ocean spray (HODI), Oregon grape (BENE), and sword fern (POMU). This was the hottest and driest of the sites, occupying a southwest-facing slope at a low elevation in the H. J. Andrews forest. Total canopy coverage (45%) was lower than in the other stands, and shrub coverage was relatively high. Initial bud-break of twin-flower (LIBO), a phenological indicator species whose spring activity closely follows snow-melt (A. McKee, pers. comm.), was earlier in this stand than in any of the others in which this species occurred, and understory conifer phenology was nearly 3 wk advanced over that in Stand 2, which was located at the same elevation a short distance away.
Stand 2. This stand occupied a north-facing slope in the Andrews forest and, consequently, was somewhat more mesic than Stand 1. The tree overstory was composed of Douglas-fir (PSME) and western hemlock (TSHE) in equal coverage, and the understory was dominated by Oregon grape (BENE), vine maple (ACCI), and rhododendron (RHMA) in the shrub layer and twin-flower (LIBO) and sword fern (POMU) in the herbaceous ground cover.
Stand Delta (A). This stand was not part of the system of reference stands used in the IBP studies, but did not receive close study by Hawk (1972) (Fig. 2) . ABAM = Abies amabilis, ABGR = Abies grandis, ABPR -Abies procera, ACCI --Acer circinatum, ACMA -Acer macrophyllum, BENE = Berberis nervosa, HODI Holodiscus discolor, LIBO =Linnaea borealis, OXOR =Oxalis oregana, POMU =Polystichum munitum, PSME -Pseudotsuga menziesii, RHMA --Rhododendron macrophyllum, SMST -Smilacina stellata, THPLThuja plicata, TSHE =Tsuga heterophylla, TSME =Tsuga mertensiana, XETE =Xerophyllurn tenax. of the relatively high coverage by Oregon oxalis (OXOR) and sword fern (POMU). Understory conifer phenology was most advanced in this stand.
Stand 3. This stand represented the set of community-types transitional between hemlockdominated and true fir-dominated communities. Located on a northwest-facing slope at an intermediate elevation in the Andrews forest, it supported a canopy composed chiefly of western red cedar (THPL), western hemlock (TSHE), Douglas-fir (PSME), and Pacific silver fir (ABAM). Rhododendron (RHMA) dominated the understory shrubs, while the herbaceous layer was comprised largely of twin-flower (LIBO), but in relatively low coverage. b Al = air-insect feeding, FI = foliage-insect feeding, FO = foliage-omnivore, FP = foliage-seed or fruit-eating, TS = timber-searching, TD = timber-drilling, GI = ground-insect feeding, GO = ground omnivore; categories after Anderson (1970).
Stand 13. Located at a relatively high elevation on a south-facing ridge in the Wildcat Mountain Research Natural Area, this stand was cool and wet. Understory conifer phenology was a month later than that in Stand 2, and lagged behind Delta and Stand 1 by more than 6 wk. Douglas-fir (PSME) and noble fir (ABPR) were the principal overstory tree species; shrub cover (chiefly vine maple (ACCI)) and herbaceous cover (primarily starry Solomon's-plume (SMST)) were low. Stand 14. Like Stand 13, this stand was located at a relatively high elevation in the Wildcat Mountain Research Natural Area. Despite its northwest exposure, it had a much drier microclimate, a result of wind patterns and soil characteristics of its exposed ridge location. Mountain hemlock (TSME), noble fir (ABPR), and Pacific silver fir (ABAM) were the overstory tree dominants, and common bear grass (XETE) attained high coverage in the herbaceous layer; shrub cover (3% overall) was the lowest among the six stands.
RESULTS
Avian community structure
Twenty-two breeding bird species were recorded in the censuses on the six stands, although 10 of these (45%) were encountered in only one or two of the stands (Table 2) (Table  3) , although the total standing crop biomass was greater than that in three of the stands, despite the absence of any large-bodied (> 80 g) species (Fig. 5) . Of the breeding species 46% were seasonal residents, a proportion elsewhere approached only in Stand 1.
Stand 13 supported the lowest number of breeding species (7); Stand 3 contained more than twice that number (Table 3) . Overall, breeding population densities were high relative to those recorded in forest communities elsewhere in the United States (Fig. 4 in Wiens 1973) , although the number of breeding species was generally somewhat lower. Stands 3 and A supported the greatest avian biomass, more than twice that recorded in Stands 1 and 13. In the latter stands, biomass was not appreciably greater than that recorded in some grasslands (Wiens 1973 contained the greatest number of species, individuals, and biomass (Table 3 ). This no doubt was due to the dominance of chickadees, creepers, and kinglets in this stand (Table 2 ). In fact, small species (?< 10 g body weight) numerically dominated the avifaunas at all stands (Fig. 5) . This is in marked contrast with the size composition of breeding communities in grassland or shrub-steppe communities, where such small species are totally absent; in shrubsteppe habitats, 11-25 g species tend to predominate, while in shortgrass prairies most individuals fall in the 26-80 g size class (Wiens 1974 ).
Patterns of ecological structure of these coniferous forest stands are discussed (following section) more fully in an energetic framework, while the avifaunal characteristics of these and other Northwestern coniferous forest communities are treated in more detail by Anderson (1970 Anderson ( , 1972 .
Energy flow patterns and magnitudes
Estimates of the total energy demand of the breeding avifauna over the entire breeding season (1 April-7 October) differed considerably between stands (Table 4 ). The two low-elevation, moderately The simulation model estimated energy demand on a daily basis, so we may examine the patterns of energy demand through the breeding season as well as the seasonal totals. There are well-defined peaks of community energy demand in all sites (Fig. 6) . The patterns for Stands 1 and 2 were similar, with a single, rather broad peak in demand from 5 July-25 July. In Stands 3, 13, and 14 the patterns of variation in energy demand were similar in form although differing in magnitude, with one peak (ca. 1 July) coinciding with the production of nestlings by most species, the second (ca. 1 October) reflecting the effects of lower ambient temperatures in fall. Values of peak energy demands for the combined populations at each stand are given in Table 4. The energy demands placed upon the system in each stand may be partitioned by employing some of the functions assumed in the model structure. Since we assume a digestive efficiency of 70%, then 30% of the total energy demand can be considered to be excretory (fecal) loss. Production involved energy allocated to biomass increase: in this case, production of eggs and the growth of nestlings and fledglings. Egg production costs are calculated directly in the model, while we assume that existence energy demands of nestlings are elevated by 20% to account for growth, those of fledglings by 5%. Combining these values, we can estimate the energy allocated to production in each stand. The energy remaining after production and excretory totals are subtracted from the estimated intake is used in selfmaintenance or "respiration." Values for each of these flows for each stand are given in Table 4 . In all stands the energy allocated directly to production was quite low, representing 0.9% to 1.1% of the total energy intake.
The energy allocation to production during the breeding season is of course one element of an overall energy commitment to reproduction (rather than self-maintenance) activities by the populations. The magnitude of energy allocation to reproduction is a central element of the reproductive "strategy" of a population (Gadgil and Solbrig 1972), but unfortunately few calculations of reproductive effort are available for bird populations. We can obtain a conservative estimate of the energy channeled into reproduction-related processes by combining the energy demands of nestlings and fledglings with the costs of egg production; such a calculation ignores the energy costs of reproductive behaviors by the adults. The average percentages of the total seasonal energy flow allocated to reproduction by the populations of each stand are listed in Table 4 and show little variation between stands. Overall, approximately 12% of the total energy intake was devoted to reproduction, as considered here.
Although this measure was relatively constant between stands, substantial variation existed in the energy allocation patterns of the different populations occupying a single stand. Winter Wrens and Steller's Jays, for example, apportioned a smaller percentage (roughly 12%) of their energy intake to reproductive functions than did any other species, while Hermit Warblers devoted on the average 30% of their total seasonal intake to reproduction. There was a consistent trend for the allocation percentage of a given species to increase from Stand 1 to Stand 14. Thus Hermit Warblers in Stands 1, 2, and A channeled 27% of their energy intake into reproduction, in Stand 3 they used 31%, and in Stands 13 and 14 roughly 35%. In terms of the model, (Fig. 3) . The species also varied in the internal patterns of this energy allocation. Fledgling American Robins, for example, accounted for nearly three times the energy flow through nestlings, whereas Winter Wren fledglings required less than twice the energy used by nestlings. These differences were consistent between stands and were apparently associated with differences in nestling or fledgling mortality patterns or in growth rates between the species.
The breeding avifaunas of the stands also differed in the allocation of energy to thermoregulation (Table 4) . Roughly 13%-19% of the total breeding season energy flow was required for thermoregulation, with the high proportions associated with the cooler, higher elevation Stands (13 and 14) . Energy allocations to thermoregulation by individual species populations also followed this trend, but there were interspecific differences in thermoregulation costs in any one stand. In Stand 1, for example, 10% of the seasonal energy demand of Steller's Jays was devoted to thermoregulation, while Golden-crowned Kinglets channeled 14% of their seasonal energy demand into thermoregulation. In Stand 13, this value for kinglets was 20%, whereas Varied Thrushes in that stand allocated only 16% of their seasonal energy flow to thermoregulation. These species differences are to a large degree associated with the higher relative thermoregulation costs at low temperatures for smaller sized species.
The estimations of population energy demands may also be useful as a measure of the importance or "dominance" of a species in a given segment of the vegetation-environment gradient represented by the six stands. Although relative density or relative biomass values have generally been used to measure ecological dominance (e.g., McNaughton and Wolf 1970), energy measures may also be appropriate, since they may relate more directly to ecosystem functioning. Relative values (percentages of community totals) for population density, standing crop biomass, and energy demand are given for several bird species in Fig. 7 . In general, the three measures of dominance yield similar results. In some cases (Chestnut-backed Chickadee, Brown Creeper, Goldencrowned Kinglet), dominance measured by energy flow or density was considerably greater than biomass dominance, perhaps because all three species are quite small and thus have proportionately greater energy demands per gram body weight than have larger species (e.g., Oregon Junco, Western Tanager). and Red-breasted Nuthatches are just as small, but exhibited a tendency for energy flow dominance to be the lowest of the three measures. The underlying reasons for these differences in species dominance patterns are unclear to us. In any event, no single species achieved a dominance value of 25% by any of the measures, which contrasts with the situation in simpler habitat types (Wiens 1973 ). These analyses of energy flow patterns have been based upon species populations or total breeding avifaunas of stands. The patterns may also be viewed in terms of several ecological categorizations (species groups) to reveal elements of the structuring of the avian communities in the stands. One way of doing this is to categorize species by foraging station (air, foliage, timber, or ground) and general dietary habits (insect-feeding, > 75% of diet animal prey; omnivore; or plant-eating, chiefly seeds or fruits, > 75% of diet plant prey). Our categorizations were based upon those developed by Anderson (1970 Anderson ( , 1972 ) and dietary information (Table 5) ; species categories are indicated in Table 2 . Foliagegleaning forms accounted for the greatest proportion of the energy intake at all stands except Stand 2 (Fig. 8) , where ground-feeding forms consumed a slightly greater percentage of the total intake. Of the foliage-feeders, insectivorous species predominated at all stands except Stand 14. Plant-feeding species were restricted to the higher elevation Stands (3, 13, 14), accounting for the greatest proportion of the total energy flow in Stand 14. Conversely, air-feeding forms (flycatchers), although not a major element in the flow pathways of any stands, were virtually absent from the higher elevation stands. Ground-feeding species generally decreased in the proportion of the total community intake from Stands 2 to 14, with omnivorous forms making up the greatest share of this category in all stands except A, where omnivorous and insectivorous forms accounted for an equal proportion of the energy flow. Timber-associated species were relatively uniform in their overall proportion of the energy intake; drilling species (woodpeckers) were conspicuous elements of this group only in Stands 2 and 14.
Species may also be categorized according to their length of tenure in the stands, as seasonal (migratory) or permanent residents ( Table 2 ). The proportion of the breeding species that were only seasonal occupants of the stands varied between 33% and 46% in all stands except Stand 14, in which only 14% of the species were seasonal. The proportion of the total community energy intake consumed by seasonal residents, on the other hand, decreased steadily from the drier, low-elevation stands to the more mesic Table 2 . and higher elevation stands (Fig. 9) . The stand sequence reflects a shortening of the growing season, later persistence of low temperatures (and attendant retardation of insect emergence), and generally more severe environmental conditions persisting later into the breeding season. Under such conditions, the seasonal "flush" in insect abundance which is generally exploited by migratory species may become increasingly constrained in time, favoring the more flexible resident species. In the dry, highest elevation Stand (14), however, seasonal residents accounted for a greater proportion of the total energy flow than in any other stands (Fig. 9 ). This was accompanied by a change from dominance by insectivorous forms to seed-and fruit-eating species among the foliage-feeding group (Fig. 8) . These patterns suggest the possibility that as environmental conditions (especially insect prey availability) during the early portion of the breeding season worsen with increasing elevation and/or dryness, a point is reached at which even the resident species find it difficult to exploit the system, and highly opportunistic plant-feeders may be able to utilize the resources more effectively. Evening Grosbeaks and Red Crossbills, two seed-eating species known for their "irruptive" and opportunistic population movements, together accounted for 40% of the energy flow in Stand 14. Such species were generally absent from the other stands.
All of these patterns relate to how energy demands are partitioned in various ways within the bird communities. From a systems point of view, it is more important to determine how these demands are partitioned among the resource units (prey) that must satisfy the demands. The details of this partitioning process rest upon the patterns of prey selection exercised by the species in relation to prey abundance and availability, but such information is available for very few species, much less entire breeding communities. We may obtain a very general view of the sources of the energy consumed by the bird populations by considering the composition of the diet in terms of either animal or plant prey (Table 5) . These values provide only coarse approximations of the actual dietary composition of the birds occupying the stands. Avian diets usually exhibit consider- Table 6 , while the overall pattern of energy extraction from plant and animal resource pools is shown in Fig. 9 . The total amount of energy extracted from each of these compartments during the breeding season varied between stands, largely as a function of the differences in total energy intake (Table 4 ). There was, however, a general consistency in the percentage of the total seasonal energy intake in each stand which was derived from plant or animal sources, varying from 71% to 84% animal prey sources among all stands except Stand 14. Here less than 60% of the energy was drawn from animal sources, again emphasizing the switch to seed-and fruit-eating habits already noted. Further, while seasonal residents in this stand obtained a greater proportion of their energy intake from plant sources than in any other stand except Stand 3, permanent residents exhibited an even greater reliance upon plant prey, deriving almost half of their energy intake from seeds or fruits (Table 6 ).
